Our investigation into the composition of the wild duck, , Aythya americana eubacterial microbiome from a fecal sample using amplicon pyrosequencing revealed that the representative bacterial species were quite distinct from a pond water sample, and we were able to classify the major operational taxonomic units with , Fusobacterium mortiferum , , Streptobacillus moniliformis Lactobacillus intermedius Actinomyces , , , suimastitidis Campylobacter Canadensis Enterococcus cecorum , ., .
Introduction
Throughout the history of medicine there has been an awareness of animal to human transmission of disease, and the etiological pathogens have been collectively described as zoonoses 1 . Water fowl and wild birds have been identified as reservoirs for the virus Influenza A 2, 3 ; a highly mutable and infectious pathogen that infects avian and mammalian species 4 . Ducks are observed in a multitude of fresh water sources including ponds, water fountains and pools where they can defecate; bacteria have been shown to be distributed through aerosols from ornamental fountains 5, 6 and reclaimed water dispensed through an irrigation system 7 . Humans may also have direct contact with ducks and their excrement through the recreational sport of duck hunting 8 . Ducks can also shed pathogens near chicken farms or other animals-such as pigs-that have access to outside areas. An avian influenza A virus (H7N7) epidemic in the Netherlands in 2003 thought to be initiated from a migratory water fowl resulted in the culling of 30 million poultry in an area of the country where freerange poultry farming was common 9 . Due to the migratory nature and unrestrained behavior of the wild duck, Aythya Americana, our study set out to investigate the bacterial microbiome of a wild duck and to identify its bacterial flora relative to the same bacterial species that have been reported to cause disease in farm animals and humans.
Methods
Amplicon pyrosequencing (bTEFAP) was originally described by Dowd et al. 10 and has been used in describing a wide range of environmental and health related microbiomes including the intestinal populations of a variety of animals and their environments including cattle [11] [12] [13] [14] [15] . Fecal samples obtained from wild ducks, Aythya americana, that were killed during duck hunting season (December 2012) by licensed hunters, were aseptically swabbed onto a Whatman FTA cards (GE Healthcare Life Sciences) using sterile swabs and gloves being careful to avoid environmental contamination. The flaps of the FTA cards were placed over the FTA paper and placed into a sterile pouch, and the FTA cards were stored at room temperature prior to DNA amplification. 2 mm punches were washed with FTA reagent and TE (10 mM Tris-HCL, 1 mM EDTA, pH 8.0) according to the manufacturer's protocol, and the dried punches were used as template DNA for thermal cycling. DNA was also isolated from 50 mL of pond water as a negative comparison and sampled from a source of water visited by numerous avian species but not at the source of the fecal sampling but within the migratory range of Aythya americana. The pond water DNA was isolated using water RNA/DNA purification kit (0.45 µm) [Norgen Biotek Corp, Thorold, ON, Canada]. For thermal cycling and DNA amplification we used the 16S universal Eubacterial primers 27f 5´-AGAGTTTGATCCTGGCTCAG-3´ and 1492r primer 5´-ACG-GCTACCTTGTTACGACTT-3´ (Integrated DNA Technologies). A single-step 30 cycle PCR using EconoTaq PLUS 2X Master Mix (Lucigen, Middleton, WI) were used under the following conditions: 94°C for 2 minutes, followed by 30 cycles of 95°C for 120 seconds; 42°C for 30 seconds and 72°C for 4 minutes; after which a final elongation step at 72°C for 20 minutes was performed. Following PCR, DNA products were resolved in a 1% agarose, 1X TAE gel stained with ethidium bromide and 1.5 Kb products were excised from the gel purified using a cyclo-prep spin column (Amresco, Solon, OH). All the DNA products were purified using Agencourt Ampure beads (Agencourt Bioscience Corporation, MA, USA). Samples were sequenced using Roche 454 FLX titanium instruments and reagents following manufacturer's guidelines. The Q25 sequence data derived from the sequencing process was processed using a proprietary analysis pipeline (www.mrdnalab.com, MR DNA, Shallowater, TX). Sequences were depleted of barcodes and primers. Next, short sequences < 200bp, sequences with ambiguous base calls, and sequences with homopolymer runs exceeding 6bp were removed. Sequences were then denoised and chimeras removed. Operational taxonomic units (OTUs) were defined after removal of singleton sequences, clustering at 3% divergence--97% similarity 10, 15 . OTUs were then taxonomically classified using BLASTn against a curated GreenGenes database 16,17 and compiled into each taxonomic level into both "counts" and "percentage" files.
For ion torrent sequencing, the 16S rRNA gene V4 variable region PCR primers 515/806 60 were used in a single-step 30 cycle PCR using the HotStarTaq Plus Master Mix Kit (Qiagen, USA) under the following conditions: 94°C for 3 minutes, followed by 28 cycles of 94°C for 30 seconds, 53°C for 40 seconds and 72°C for 1 minute, after which a final elongation step at 72°C for 5 minutes was performed. Sequencing was performed at MR DNA (www.mrdnalab.com, Shallowater, TX, USA) on an Ion Torrent PGM following the manufacturer's guidelines.
The prevalence of pathogenic bacteria was estimated by the means and 95% confidence intervals.
Results
Due to the aquatic nature of the animal, we initially expected that the biodiversity of bacterial species in the duck feces would reflect numerous bacterial species present in the pond water, and since we observed multiple species of aquatic birds in the pond we expected to find eubacteria in common. Figure 1 is a modified heat map showing differences and similarities among the classes of eubacteria sequenced and identified. The figure demonstrates clear differences at the taxonomical level of Class with few common classes of bacteria namely Actinobacteria, Clostridia and Gammaproteobactera. However, similarities at the level of Genus and species included only Agrobacterium tumefaciencs and a species of Porphyromonas and a species of Ruminococcaceae (Figure 2 ). This analysis indicated distinct differences between the eubacteria present in the duck fecal sample and the pond water sample, and it also indicated that our sampling of the duck feces was devoid of any obvious pond water eubacterial constituents.
Changes from Version 1
Using ion torrent sequencing, we analyzed the eubacterial microbiome of 6 additional wild ducks of the Ayantha americana species. Our initial conclusion that the wild duck was a vector for bacterial disease was supported by the additional data and many of the initially reported pathogenic species were also present in the other samples. Statistical evaluation of the 7 samples revealed that exposure to wild duck feces equates to exposure to pathogenic bacteria and opportunistic bacterial pathogens. The taxonomical classification of OTU at the level of genus and species was compiled in relation to percentages of the Eubacterial microbiome (Table 1) . In Table 2 , we referenced reported cases of diseases related to the bacteria sequenced from the duck's fecal sample reflecting the eubacterial microbiome's potential to cause disease in humans and other mammals. The largest representative bacterial species-relative to percentage-was Fusobacterium mortiferum at 31.6%. Fusobacterium mortiferum reports related to human disease are sparse, but Fusobacterium have been associated with rare but serious cases of bacteremia 18, 19 , and a 6 year study of "other gram-negative anaerobic bacilli" (OGNAB) isolated from anaerobic infections at the Wadsworth Clinical Anaerobic Clinical Anaerobic Bacteriology Research Laboratory in Los Angeles, CA reported that most strains of Fusobacteria-outside of Fusobacterium nucleatum-were resistant to erythromycin 20 . The pathogen, Fusobacterium nucleatum, on the other hand, is well-known for its association with . A species of the genus Leptotrichia (0.36%) was also identified, a genus that has been associated with bacteremia in multiple myeloma patients receiving chemotherapy 38 . Another Actinomyces present in the wild duck eubacterial microbiome was Actinomyces turicensis at 0.3%, a bacterium associated with a spectrum of diseases including genital infections, urinary tract infections, skin infections, post-operative wound infection, abscesses, appendicitis, ear and nose and throat infection and bacteremia 39 . In addition, Actinomyces europaeus (0.14%) was reported in human abscesses 40 , Actinomyces neuii (0.03%) was reported to cause endophthalmitis 41 and periprosthetic infection 42 , Actinomyces vaccimaxillae (0.01%) was isolated from a cow jaw lesion 43 and Actinomyces hongkongensis (0.004%) was reported to cause high-mortality bacteremia in humans 44 . 0.24% of the eubacterial population was composed of Plesiomonas shigelloides a well-documented pathogen associated with Travelers' diarrhea, dysentery and gastroenteritis [45] [46] [47] [48] . Arcanobacterium pyogenes was also present (0.18%), a pathogen reported to cause soft tissue infections in humans 49 . Atopobium vaginae (0.12%) was reported to cause bacterial vaginosis in a human 50 sample of seven; consequently the confidence intervals were estimated using a t-distribution with six degrees of freedom. 
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Discussion
Numerous pathogenic eubacterial species have been identified in the fecal samples obtained from the wild duck, Aythya Americana, using amplicon pyrosequencing and ion torrent sequencing, two widely accepted methods for analyzing the bacterial composition of microbial ecosystems. We were surprised to find that most of the species of eubacteria sequenced the duck feces were not present in a pond water sample from a water source that was known to be visited by numerous water fowl. Perhaps, the analyses of small samples from a pond or lake are not adequate when investigating the presence of avian contamination. increased from 85 to 163, and the rarefraction curve that included OTUs from only Ayantha americana indicated that additional OTUs can be expected due to the lack of a plateau on the graph (data not shown). However, the ion torrent sequencing data in Table 3 The summary in Table 2 indicates that many of the bacteria that are listed are clinically important causing severe diseases such as bacteremia and septicemia. The potential to cause disease can be appreciated when one considers that wild-duck feces can contaminate food, drinking water and open wounds. In addition, bird feces can easily contaminate pond fountains and ornamental fountains--where aerosols are produced-and the aerosols can carry the bacteria in a similar way to what has been reported for Legionella pneumophila 47 . It is possible that many of the bacterial entities when disseminated to humans and other animals could also cause subclinical respiratory illnesses that are not reported due to patient resolution and the empiric treatment of respiratory illnesses with antibiotics without diagnostic testing.
It is only prudent to recommend that immunocompromised humans, the elderly and animals should limit their exposure to environments where ducks are abundant and may have polluted the water source-this includes ponds with fountains, outdoor pools and ornamental fountains that are not properly maintained. That realization also supports the practice of adequately chlorinating or sanitizing artificial pools and fountains to prevent opportunistic infections through aerosols or breaks in the skin.
Duck hunters should also be aware of the risk of bacterial contamination in addition to the risk posed by the influenza virus. Additionally, reclaimed water poses a threat to the elderly and other immunocompromised humans who might be exposed to aerosols that are produced when the reclaimed water is used as a source of irrigation such as in golf courses and gardens, a common practice that might warrant further inquiry.
When determining the cause of disease it is difficult-if not impossible-to identify the source of infection, and whether it has indeed originated from an animal that is migratory or aquatic in nature. Many of the bacterial species that were cited to cause infections among humans were also found in the excrement of a migratory and aquatic bird that is unrestrained and defecates in water supplies and defecates around farm animals that are raised as 'free-range" and exposed to the environment.
Our analysis of the wild duck was focused on Ayantha americana, a wild duck common to Florida and the Southeastern region of the United States. The statistical analysis of seven fecal samples indicated that the wild duck eubacterial microbiome contained numerous bacteria that were pathogenic or opportunistic pathogens, and the wild duck should be recognized as a vector for bacterial contamination and disease to humans and farm animals.
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We would like to acknowledge Barry University for providing the infrastructure to conduct the experiments. I would agree that it is possible for some of the sequences to be nearly identical to some reported pathogens, but the sequences were not shared or deposited in a public database so this reviewer (or the readers for that matter) can't confirm these results. This is important as the reported levels of pathogens in the feces was very high (>70%), which will strongly suggest that these duck species are important emerging vectors of human disease. These claims have important public health implications and therefore more evidence will be needed to further substantiate this.
It is also curious that the authors tried to make a link between duck feces and water risk exposure. The evidence here is also weak and is based on a few sequences that are shared by the two types of samples. I'm assuming that there are other fecal potential sources impacting these waters; it is then possible that the primary vectors will be the other hosts.
In general, there was an effort to add more fecal samples to the study which was a concern brought up by all the reviewers. However, the authors' responses to the reviewers' comments was not as comprehensive as I would have liked to see. Yet, there are still missing some pieces of information on the methods, and other information such as how many sequences they obtained, and how they arrive to the identity of environmental sequences that makes it difficult to evaluate this study. Again, by not sharing representative sequences it is difficult to know if they are referring to identities at the genus level and their interpretation has to do with genera that contain pathogenic species. It would be good to place the sequences within a phylogenetic context to further confirm the clades they belong to.
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I have read this submission. I believe that I have an appropriate level of expertise to confirm that it is of an acceptable scientific standard, however I have significant reservations, as outlined above. 
Jonas Waldenström
I have now re-read the paper after the revision, and also the comments from which were Benjamin Kirkup very insightful and to the point. I think that a careful rephrasing of parts of the manuscript should be done, more clearly saying that the findings of 16S rRNA gene sequences from these bacteria doesn't necessarily mean that they are pathogenic to humans, as this trait will be dependent on many factors that are not covered with the current approach. I still think an inventory of bacterial species from waterfowl is interesting, as our current understanding of what microorganisms that are present in the environment and in wild animals is rudimentary. My expertise is stronger in avian biology than in phylogenomics and I think that the detailed comments from are very good for strengthening this paper. Benjamin Kirkup However, there were some points I raised in my initial review that I still think should merit attention. Specifically, I think that the biology of the study organism is left out more or less completely. Why was this duck species chosen? A few lines about its distribution, feeding behavior and tendencies to live close to humans would be helpful for your readers, especially those that do not have a background in ornithology. All ducks are not the same: they differ in ecological traits as well in their capacity to be infected and perpetuate pathogens. For instance, the influenza A virus which is mentioned in the paper show clear differences in prevalence and subtypes among different species of waterfowl, as well as displaying both spatial and temporal variation in virus abundance, subtype predominance and genetic lineages. At present, the paper is written as if the study species represents all ducks at all timepoints, and including some more details about the specific duck species could easily amend this. For instance, if one raises the potential risk arising from duck hunting it would be good to know that the studied species is a significant part of the hunting bag (my guess would be that dabbling ducks are more often shot than diving ducks, such as the ). Further, is this species common in urban environments, i.e. are people Aythya americana really exposed?
Small comments:
Consider whether water fowl or waterfowl should be used.
In the introduction and elsewhere, should be . Please also Aythya Americana Aythya americana
In the introduction and elsewhere, should be . Please also Aythya Americana Aythya americana add the common name when the species first is mentioned.
The end of the first paragraph in the results should be Gammaproteobacteria Does reference 27 really state that is linked to water related disease? I Campylobacter canadensis think this is not the case, but cannot access the paper in question at the moment.
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. is a characterization of the fecal microbiome from Wild waterfowl have et al Aythya americana. been implicated in zoonotic disease transmission and can confound water quality studies which track fecal contamination through waterways. Adult ducks culled during hunting and pond water were both sampled. The relationship between the pond and the ducks is unclear in the text. The text suggests that the pond was free from , but both within the range of and visited by Aythya americana Aythya americana other waterfowl. This article is not only an exploration of a relevant sample type but also a teaching exercise for master's degree students. This fundamentally worthy goal presents recognized limitations.
One fecal sample was sequenced by Roche 454 FLX pyrosequencing; six additional samples were sequenced by Ion Torrent sequencing. One water sample was sequenced by 454 pyrosequencing. After quality control of the reads, singletons were removed, the reads were clustered into OTUs at 3% divergence and the centroids of each OTU assigned to taxa by BLASTn against a GreenGenes database.
The major conclusion of the article -in the title, abstract, results and discussion -represents the major problem with the article. There is a significant gap in evidence between a representative read from an operational taxonomic unit based on clustering a partial 16S rRNA sequence at the 3% level and an inference of virulence. This point can be pressed from both sides. The connection between taxonomy and 16S rRNA sequences is not generally precise to the species level ( as one example , 2011 et al species "linked to human and animal diseases" but without any statement about how likely a duck feces isolate is to belong to a human, domestic animal, or even waterfowl pathogen subtype, the claim is frankly unsound and even alarmist ('Duck hunters should also be aware of the risk…"). Thus, the focus of this article on the pathogenic potential of the duck feces microbiome is problematic. This issue is widespread in the literature, unfortunately, and contributes to the issues which Jonathan Eisen raises (http://phylogenomics.blogspot.com/2013/08/overselling-microbiome-award-swiss.html) in his 'overselling the microbiome.'
Major experiments would be required to substantiate the claims of pathogenic potential by introducing duck fecal microbes into animal models of disease. Another possibility is the use of deep shotgun metagenomics, perhaps combined with long read or single cell sequencing to permit genome assembly, to enable a bioinformatic approach. The authors state that it is not possible to provenance a pathogen, but should they have whole genome sequence from cases (including ill waterfowl, domestic animals or humans) and from waterfowl feces, there could be strong grounds for such a claim.
The claim that the bacteria present in the feces are not those in the pond water is unsustainable ('devoid of any obvious pond water eubacterial constituents'). Not only is this contradicted in Figure 2 , but the depth of sequencing was insufficient to demonstrate that the organisms are not present in both samples. That the dominant microbes are not the same is a reasonable claim. However, few microbiologists would have expected the duck feces or the water to be representative of each other. In addition, with a single water sample, one might claim that the water does not fall within the range of the duck samples; but the inverse claim cannot be sustained statistically for lack of multiple samples. This analysis can be performed under R using packages developed for microbiome analysis (ie phyloseq McMurdie & Holmes,
, and HMP ).
2013
La Rosa ., 2012 et al There are other analyses which could fruitfully be included in the manuscript without any additional sequencing. For example, there is no graphical or statistical comparison of the 7 fecal samples. These samples -including the pond sample -are not compared to any of the water samples from the earth , , or . The comparison might be limited because microbiome project databases IMG/j MG-RAST databases the methods of DNA extraction and sequencing were not standard for these other projects, but there are 824 aquatic samples and 6 bird samples in the IMG/j database, samples from birds in the MG-RAST database, and bird and freshwater associated samples in the EMP.
Overall, in fulfillment of the obligations of formal review, the data appears to be collected appropriately and the methods described adequately. The data is included in the publication. The paper itself requires revision with regard to the conclusions and could be substantially enhanced by some additional bioinformatics.
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pond, and referenced to the existing literature to identify possible human and animal pathogens.
I have some concerns with this paper. First, naturally, is the very limited sample size. With only a single sample from each of the two entities, it is problematic to tackle within-host and between host variability, and any temporal variation present in the data. Furthermore, the duck and the pond water sample were collected by different methods, which also may affect template DNA purity and yield, and the samples are not from the same site.
The authors focus the majority of the paper on what potential human pathogens the duck is carrying. This is interesting, as many human pathogens have animal reservoirs and identifying them may lead us to better understand their epidemiology. There is a range of human pathogens identified, and the authors make recommendations based on these findings. However, recommendations need to be thoroughly justified by data, and in at least one case I did not find the link to human infection proven. This is that in table 2 is said to cause drinking water related disease. However, the Campylobacter canadensis reference cited for this claim does not discuss , but waterborne outbreaks in general.
C. canadensis
The methods/result sections could be made more informative. Every method has its cons and pros, and it would help the reader to illustrate how it was made sure the primers and protocol used were suitable for bird fecal microbiota. Have they been validated on avian fecal samples before? It is not presented clearly how many sequences that were obtained, how many that were possible to bin to different species/genera etc. Surprisingly, the duck host is not presented in any detail at all. I am not familiar with , as Aythya americana it is restricted to North America, but there are a number of species in Europe, all of which are Aythya diving ducks, often feeding to a large extent on bivalves and other mollusks, and not really dabbling in the surface water. This will likely influence the potential exposure of feces to humans, and A. americana should be taken into account in the recommendations given in the paper. As a biologist, I am also curious to know why these bacteria are in the bird, and what they do there -are they commensals, or pathogens? What has been found in other bird species? This is not discussed in the present version.
Taken together, the data should be considered with some caution as it is based on such a small sample set and conclusions from comparisons should therefore be toned down. Preferentially, the study should be extended to include more avian samples.
Minor things:
Title: Very little in this article actually refers to animal disease, which makes the title slightly misleading.
Introduction: It would be good if the host could be put in a larger perspective here, and that previous work on ducks as carriers of human-associated bacterial pathogens are cited to a larger extent. The ornamental/decorative fountains are unlikely significant duck habitats. Please check bird names and bacterial names and make sure species names are not starting with capital letters (e.g.
, not etc).
Aythya americana Americana
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There is also the issue of using relatively short fragments of the 16S rRNA to accurately identify a bacterium at the species levels. What was the length of the sequences used in each of the cases and what was the sequence identity for each of the sequences that were identified as closely related to the identified pathogens? The authors would benefit from performing additional assays to further confirm the presence of potentially pathogenic populations. 16S rDNA-based assays might be available for some of the "pathogens" identified but preferably functional genes should be used if considered for such an exercise. The authors should also considered to compare this dataset (albeit limited in scope) with other studies in which 16S rDNA sequencing information has been used to describe avian fecal microbiota.
As a minor comment, there are two data points in Figure 1 (which actually is a table) for Fusobacteria.
I have read this submission. I believe that I have an appropriate level of expertise to state that I do not consider it to be of an acceptable scientific standard, for reasons outlined above. We have obtained additional samples from and sequenced the samples using Aythya americana ion torrent sequencing and made a rarefaction graph.
We understand we had a limited sample size and are trying to increase it, despite being hindered by rather limited resources and time constraints.
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Advantages and benefits
Capture nucleic acid in one easy step. Captured nucleic acid is ready for downstream applications in less than 30 minutes. DNA collected on FTA Cards is preserved for years at room temperature. FTA Cards are stored at room temperature before and after sample application, reducing the need for laboratory freezers. Suitable for virtually any cell type.
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